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SPECIFICATIONS 



1 . Title of the Invention: Microprocessor, Information Processor and Graphic Display 

Device Using the Same 

2. Scope of the Patent's Claims 

1 . An information processing device, characterized by the fact that it comprises a group of 
registers including a plurality of registers, a register selector selecting one register unit from a 
group of relevant registers; 

a plurality of arithmetic units having at least the multiplication function performing 
calculations with different bit strings contained in said registers; 

a general purpose arithmetic unit performing processing of data corresponding to the 
entire bit length of said register unit; 

and a controller controlling said register group, as well as said general purpose arithmetic 
device and said arithmetic device. 

2. An information processing device, characterized by the fact that one part of the bit string 
of the multiplication result of said arithmetic unit is stored in a part of a selected divided register. 

3. An information processing device, characterized by the fact that in the information 
processing devices described in claim 1 or claim 2 are created signal lines enabling to transmit 
arithmetic auxiliary signal between said arithmetic units. 

4. A graphic display device, characterized by the fact that the information processing device 
described in claim 1 thought claim 3 is equipped with special instructions activating 
simultaneously said plurality of arithmetic units. 

5. A graphic display device, characterized by the fact that an external memory device and a 
display device are deployed in the information processing device described in claim 1 through 
claim 4. 

3. Detailed Description of the Invention 

(Field of Industrial Use) 

This invention relates to an information processing device using electronic technology, in 
particular it can be applied to a microprocessor and to a graphic processing device whose 
purpose is to process quickly graphic data. 



(Prior Art Technology) 



Devices according to prior art, such as a microprocessor introduced in IEEE Computer 
Graphics & Applications, July 1987, pp. 85 - 94), were divided into multiple regions holding 
one register for simple additions, so that corresponding multiple adders were used for processing 
of data according to this technique, which was employed to process information such as parallel 
calculations of image elements and the like. 
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While these devices were suitable for simple processing involving operations such as 
brightness interpolation and similar operations used during processing of graphics, the problem 
was that it was difficult to achieve effective processing operations because multiplication 
programs had to be described for calculation of images by combining together many instructions 
during processing requiring multiplication, such as drawing of images with alpha blending to 
achieve a feeling of transparency. 

(Task to Be Achieved By This Invention) 

The present invention provides a means making it possible to realize effectively 
information processing such as processing involving calculation of parallel images containing 
multiplications, which was difficult to realize with efficiency when conventional techniques were 
used. 

(Means To Solve Problems) 

In order to achieve said objective, the present invention provides an information 
processing device construction comprising a group of registers containing a plurality of registers, 
a register selection device, which selects one register unit from said plurality of registers, 
multiple arithmetic units having at least a multiplication functions performing calculations for 
different bit strings in said registers, a general purpose arithmetic unit performing data 
processing applied to the entire bit length of said register units, and a control device, which 
controls said register group, as well as the general purpose arithmetic unit and arithmetic units. 

(Operation) 

To improve the efficiency of the usage of registers during calculations of parallel image 
elements when multiple arithmetic unit having the multiplication functions are deployed, one 
register is divided into multiple regions specified by an instruction so that said arithmetic unit is 
made to correspond to each respective region. The efficiency of the usage of the registers is 
therefore increased in a case when a means is created which stores only one part of the bit string 
being the result of calculations in a register. 



It is also possible to employ arithmetic units with a larger bit length, as multiple groups 
of arithmetic units are used in the present invention in a case when signal lines are created 
between respective arithmetic units in order to transmit arithmetic auxiliary signals such as carry 
signal and the like, while the hardware component can be controlled with a control device. 

The information processing device according to this invention thus makes it possible to 
create the construction of essential elements of a microprocessor. In this case, the microprocessor 
is equipped with special instructions and the instructions are held in a control device which 
interprets these instructions. 

Graphic processing can thus be achieved with a high degree of accuracy when the 
information processing device described above is employed with a display device using a 
cathode ray tube and a printer. 

(Embodiment) 

FIG. 1 is a construction diagram showing one example of the information processing 
device according to this invention. As shown in FIG. 1, numbers 2, 3, 4, and 5 denote arithmetic 
units having respective multiplication functions. A general purpose arithmetic unit 1 is connected 
to a data bus 15, and an instruction controller 6 is connected to an instruction bus 16. The 
instruction controller 6 transmits control signals corresponding to instructions to arithmetic units 
2, 3, 4, 5, as well as to register selector 7 and general purpose arithmetic unit 1 and controls 
respective operations. In the instruction controller 6 are registered commands activating at the 
same time the multiplication function of the arithmetic units 2, 3, 4, 5. The register selector 7 
selects the required register units from the register group 8 according to the instructions. Number 
1 4 is a register group control line. Although as a rule, 32 bits are used for the register unit in a 
case when the general purpose arithmetic unit 1 is a 32 bit microprocessor, 64 bits or 128 bits are 
also used in some cases for the register units of the register pair employed for precise 
multiplication calculations and the like. 

The register units are used according to this invention divided into a plurality of bit 
strings in the register units. The division is created so that an arithmetic unit corresponding to 
each region is created. In the embodiment shown in FIG. 1 , the register units are divided into 4 
regions and respective arithmetic units 2, 3, 4, 5 are connected by data lines 10, 11, 12, 13. The 
number of divisions can be set for the register units with an instruction. While the total number 
of the arithmetic units is 4 in the embodiment which is shown in FIG. 1, only a required number 
corresponding to the number of divisions of the register units is created. The general purpose 
arithmetic unit 1 performs calculating operations applied to the entire region having the register 
units, as well as processing operations such as transmission of data. 

When a system having a similar construction is used for calculation of graphic data, 
processing of graphics can be performed at a very high speed. The example described in the 
Description below relates to a system in which the general purpose arithmetic unit 1 uses a 32 bit 
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processor, wherein general purpose alpha blending is realized with computer graphics. 
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Image elements are generally realized with 3 required elements using R (red), G (green) 
and B (blue) color so that for example 8 bit data can be allocated to each color. During 
processing of alpha blending, two image data elements (Rl, Gl, Bl), and (R2, G2, B2) are 
mixed together and combined with a ratio of P : Q according to a method for drawing of 
imagines creating a feeling of transparency. The image data after the blending (R3, G3, B3) can 
be realized according to the formula below. 

R3=PxRl +QxR2 
G3-PxGl +QxG2 
B3=PxBl+QxB2 

FIG. 6 is a model diagram of alpha blending, which can be carried out with a high speed 
design with the information processing device according to this invention. The part that is 
enclosed in a small circle in the figure indicates image elements. When this processing is carried 
out with a general purpose arithmetic unit using 32 bits, multiplication must be executed 6 times 
and addition must be executed 3 times. In addition, when 8 bit data is allocated to individual 
segments in the space of 32 bits according to the register units, the problems was that a portion 
corresponding to the remaining 24 bits was wasted. According to this invention, data 
corresponding to 8 bits in the 32 bit space of the register unit is allocated once to up to 4 
individual items, with a design increasing the efficiency of the usage of the registers and creating 
a high-speed design with parallel processing, thanks to the fact that arithmetic units 2, 3, 4, 5 are 
deployed, which are provided with the multiplication function corresponding to respective data 
items. In addition, because multiple arithmetic units are equipped with specialized instructions 
which can be activated at the same time, this makes it possible to create a very effective 
program. Although there are designs that made it possible to reduce the number of additions 
when adders were operated with parallel operations for 8 bit units according to conventional 
technology, these designs were not equipped with any kind of an effective means for additions, 
which will take up most of the calculation time. According to prior art, even though a data 
construction for a parallel design for additions was defined so that 4 items of 8 bit data were 
allocated to a 32 bit space, because no means was provided for multiplications corresponding to 
the same data structure, the problem was that various operations were required, such as 
operations for conversion processing to convert the data type when data was handed over 
between the addition part and the multiplication part. However, this problem is completely 
solved by this invention. Although in the example described above, 32 bit general purpose adders 
are combined with 8 bit arithmetic units, the bit length can be determined as desired by the 
system designer. 

FIG. 2 is a graph showing one example of the content of calculations to be executed by 
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the arithmetic units 2, 3, 4, and 5. Number 21 is a multiplicand, 22 is a multiplier, and 23 is the 
calculation result. The multiplicand 21 divides a region containing 32 bits into 8 bit segments so 
that 4 individual integer data items a, b, c, and d will be allocated. Allocation to e, f, g, h is 
performed in the same manner by the multiplier 22. Allocation is performed with 8 bits also for 
the calculation result 23, so that 8 upper bits are assigned for a x e, b x f, c x g, and d x h. The 
multiplier 22, multiplicand 21 and calculation result 23 are stored in the internal part of the 
register group 8. In addition, only one 8 bit data segment h is specified by the multiplier 22, and 
if an instruction is defined which stores upper 8 bits of a x h, b x h, c x h, and d x h in the 
calculation result 23, one multiplier can increase the efficiency of calculation in a case when 4 
multiplicands are used jointly with one multiplier. 

Although in the example above, the calculation result was the sum of the upper 8 bits, the 
calculation result is also stored in the register as the lower bits in some cases. The sum of 4 
groups of 1 6 bits of data obtained with 4 groups of 8 bit multiplication in the space of 64 bits can 
be also stored when a pair of registers is used. For the data of the multiplier 22 and of the 
multiplicand 21 can be used a suitable type of data such integers with codes, as well as integers 
without codes, floating points, and fixed points. Further, also any value can be selected which is 
compatible with the system bit length, including 8 bits, 16 bits, 24 bits, 32 bits, 64 bits, 128 bits, 
13 bits, etc. The instruction controller 6 is provided with a function determining the bit length 
and the data type according to the information which is obtained from an instruction bus 16. 

The arithmetic units 2, 3, 4, and 5 can be used to easily combine the product sum function 
with the addition and subtraction functions, in addition to the multiplication function controlled 
by the instruction controller 6. 

In order to realize product sum calculations, the construction of the arithmetic units 2, 3, 
4, and 5 is connected to respective adders and multipliers. Figure 7 shows one embodiment of the 
construction of arithmetic units 2, 3, 4, 5 required to run product sum calculations. Number 71 is 
an adder, and 72 is a multiplier. 
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As was explained above, a special definition is sometime not performed by the system for 
a flag indicating incidental information attached to the content of calculations in cases when a 
flag is held in respective arithmetic units 2, 3, 4, 5, in the inner part of the register group 8, or 
when output is provided in the form of a signal by an external part, etc. FIG. 8 shows one 
embodiment of the flag method enabling to store a flag in the general purpose register. Symbol 
rl denotes an example of a carry flag C indicating add carry or borrow subtract, r2 is an example 
of storage of a sign flag S indicating a symbol, and r3 is an example indicating storage of the Z 
flag which expresses a zero. When flags are stored in this manner in register units in the register 
group 8, this makes it possible to divide the system into multiple regions of the same type so that 
the calculation results are stored in the registers in register units, making it possible to store in a 
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simple manner in the register group 8 flag signals generated by the arithmetic units 2, 3, 4, and 5, 
provided that a storage method is used for storage of incidental flags for respective arithmetic 
operations in the corresponding regions. 

FIG. 3 is a construction diagram showing the construction of another embodiment of this 
invention. Arithmetic auxiliary signal lines 30, 31, 32, and 33 are connected to respective 
arithmetic units 2, 3, 4, and 5 in a case when a coordinated arrangement is employed between the 
arithmetic units 2, 3, 4, 5. As an example, when arithmetic units 2, 3, 4, 5 are used as 8 bit 
adders, and arithmetic auxiliary signal is sent as carry signal so that arithmetic auxiliary signal 
lines 30, 31, 32 are employed, arithmetic units 2, 3, 4, 5 will be equivalent to 32 bit adders in the 
entire configuration. Arithmetic auxiliary signal line 31 must be connected at this point, and 2 
sets of 16 bit adders are created. In addition, when arithmetic units 2, 3, 4, and 5 are 8 bit shift 
adders, 32 bit rotation adders are created by using arithmetic auxiliary signal lines 30, 3 1, 32, 33. 
Switching between the functions described above is performed by the instruction controller 6. 

FIG. 4 shows one embodiment of command activation carried out simultaneously with a 
plurality of multiplication functions available in the arithmetic units 2, 3, 4, 5. Operation code 41 
is defined according to the content of the arithmetic operation. In addition, operand 42 performs 
specification of register units comprising the data source and destination relating to the 
calculation. Symbols rl, r2, r3 indicate register units. Even if these instructions are allocated at 
the same time by multiple multipliers to one register unit, an efficient means is created 
comprising the configuration of a multiprocessor being the information processing device of this 
invention, which is characterized by the capability to provide a 1 step description. When the 
operation codes and operands of these instructions use 8 bits for the operation units of the 
arithmetic units 2, 3, 4, 5, or when 16 bits are used to execute only multiplication by an 
arithmetic unit, multiple individual items which are different from each other can be realized in 
accordance with the product sum calculations, etc. In addition, the system can be used to create a 
division between a processing mode relating to the present invention containing one part of the 
bit string making up the construction of the instructions, and a processing mode according to the 
general purpose arithmetic unit 1. FIG. 9 shows one embodiment of an instruction equipped with 
bits enabling switching to a processing mode relating to the present invention. Number 92 is an 
instruction bit string, 91 is a bit string used for switching to a processing mode. As long as the 
system is equipped with multiple bits for switching to processing modes, a more complicated 
control can be exercised. 

FIG. 5 shows another embodiment of this invention. Microprocessor 54 includes the 
function of the information processing device relating to this invention. Because a memory 
device 5 1 and a display device 52 are connected through a bus 53 to the microprocessor 54 of 
this invention, this makes it possible to obtain a graphics display device enabling to realize 
processing of alpha blending operations at a particularly high speed. Frame memory 55 stores 
image element data. When a printer is connected to the bus 53, a printer device can thus be 
obtained making it possible to print graphics displayed on the display device 52. 
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(Effect of the Invention) 

As was explained above, because the present invention makes'it possible to activate at the 
same time specialized instructions for allocation of arithmetic units having a plurality of 
multiplication functions to one register unit, this makes it possible to realize a system for 
execution of graphic element calculations at a high speed, which uses few register resources. In 
particular during processing of graphics involving alpha blending, the effects obtained include a 
very significant reduction of the calculation time period, as well as increased efficiency of the 
memory usage due to faster execution of programs, etc. 

4. Brief Description of Figures 

FIG. 1 is a construction diagram showing one embodiment of this invention, FIG. 2 is a 
diagram showing one example of the content of calculations executed by an arithmetic unit 
relating to this invention, FIG. 3 is a construction diagram showing another embodiment of the 
present invention, FIG. 4 is a diagram indicating one embodiment of an instruction relating to 
this invention, 
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FIG. 5 is a construction diagram showing yet another embodiment of the present invention, FIG. 
6 is a model diagram of alpha blending, FIG. 7 is a construction diagram indicating one 
embodiment of a sum product arithmetic unit, FIG. 8 is a diagram showing one embodiment of 
the flag method relating to this invention, and FIG. 9 is a diagram showing one embodiment of 
an instruction equipped with bits enabling switching between processing modes. 

1 . . . general purpose arithmetic unit, 2, 3, 4, 5 . . . arithmetic units having a multiplication 
function, 6 . . . instruction controller, 7 . . . register selector, 8 . . . register group, 9 . . . control line, 
10, 1 1, 12, 13 ... data lines, 14 ... register group control line, 15 ... data bus, 16 instruction bus, 
21 ... multiplicand, 22 ... multiplier, 23 ... calculation result, 30, 31, 32, 33 ... arithmetic 
auxiliary signal lines, 41 . . . operation code, 42 . . . operand, 51... memory device, 52 . . . display 
device, 53 ... bus, 54 ... microprocessor, 55 ... frame memory, 71 adder, 72 ... multiplier, 91 ... 
bits for switching of processing modes, 92 . . . bit string for instructions. 

Representative: Katsuo KOGAWA, patent attorney [personal seal]. 
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FIG. 6 
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